In 307 Natire American (NA), 1784 black (B), and 7777 white (W) children in grades 1,2, and 3 in Minneapolis schools (99% overall response rate), blood pressure (BP) was measured supine in the right arm after 5 minutes' rest by trained technicians using a random zero BP device. In addition, height, weight, pulse rate, and triceps skinfold thickness were measured. Among children aged 6 through 9 years, NA children had slightly higher systolic BP (SBP) than B or W children overall (mean SBP: NA 106, B 104, W 105 mm Hg) and for nearly all age sex groups. In contrast, Phase 4 and 5 diastollc BP (DBP) were consistently lower in NA children (mean DBP 4 : NA 64, B 69, W 67 mm Hg); NA children also had lower pulse rates, greater pulse pressures, similar or slightly lower mean BP, similar height, greater weight, body mass index, and triceps skinfold. Multiple regression analyses revealed that the slightly higher SBP in NA children was explained almost entirely by greater ponderosity. However, the lower DBP could not be explained statistically by any of the variables measured. (Hypertension 2: 744-749, 1980) 
L ITTLE information regarding the blood pressure (BP) or other cardiovascular disease risk characteristics of urban Native Americans exists. Publications have often dealt with clinical populations drawn from reservations, usually in the southwestern United States. Systematic surveys of entire populations or probability samples have not been reported. No information on the BP of schoolage Native American children has appeared. The limited data available on adults indicate that hypertension may be a significant health problem in some Native American populations in the United States.
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Methods

Study Population
Children eligible (not physically or mentally incapacitated) for survey were all in grades 1, 2, 3 of all elementary schools in the Minneapolis Public School System in the spring of 1978. Parents were informed in advance by letter of the planned measurements and given the opportunity to decline participation for their child. Tacit permission was assumed if participation was not declined. With a greater than 99% response rate, 10,640 children were examined.
Complete data were obtained on 307 Native American children, aged 6 through 9 years (table 1) . Over 95% of the children of all races actually present in school on survey days were measured. It is of interest that of the total Native American children enrolled in the Minneapolis public schools in the fall of 1977, only 54% (based on teacher sight counts) were still in attendance during the survey in January through April, 1978 . This finding reflects the high mobility among these families within Minneapolis and between the city and reservation 19 and possibly the inaccuracy of sight counts. School attendance records for 1977/78 indicate that Native American children were absent twice as many days as whites (15.5 vs 8.4 days).
Measurement Techniques
All BPs were measured at school at least 1 hour after breakfast, lunch, or physical education classes. After height was measured without shoes and weight without shoes, coats, or sweaters, the right arm circumference and two triceps skinfold measurements were made on the back of the right arm at a midpoint between the acromion and olecranon processes. Following the latter measurements, each child lay supine on a table with a small cushion for head support. On reclining, an appropriate-sized cuff was selected and applied to the right arm. The bladder was at least twice the diameter of the arm in width and 90% or more of the arm circumference in length. 12 As reported elsewhere, the result of selecting cuff size this way was that arm size was not independently related to BP.
11 After 5 minutes' rest, two BP measurements of systolic (SBP), fourth phase diastolic (muffling) (DBP 4 ), and fifth phase diastolic (disappearance) (DBP e ) were recorded in a standard manner described earlier 23 using a Hawksley Random Zero device." All BP technicians had undertaken a 2-week training course using a set protocol and tapes of Korotkoff sounds. 23 Continuing surveillance of technician performance was monitored by biweekly comparisons among technicians' measurements (adjusted for age, race, sex) to discover technicians with consistently high or low readings for testing and possible retraining.
To test for observer bias, age-and sex-adjusted SBP and DBP 4 were calculated for each race and observer by direct standardization with the entire sample as the standard. 12 Four observer groups were obtained for each measurement, and designated as "very high," "high," "low," "very low," based on age-and sexadjusted readings. Cutoff points between the groups were placed to achieve equal numbers of Native American observations in each group as nearly as possible. The grouping was done separately for SBP and DBP 4 , because there was no correlation between the rankings for these two measurements. One observer who had measured less than 10 Native Americans was excluded. The final observer groups were used in regression analyses .together with other variables. To avoid scaling assumptions they were introduced as four 0-1 variables, to test for observer effect.
Statistical Methods
Student's t test was used to assess the significance of differences in overall group mean values. 2 * Linear multiple regression analysis was used to control for confounding variables.
2 " Native American race was entered first in each regression together with the combinations of other variables.
Results
The mean BPs by age, sex, and race are shown in table 2. In all groups, the SBP increased with age. Both DBP 4 and DBP B increased with age in black and white children but not in Native American children. Native American children of both sexes had slightly higher SBP than black or white children overall and for nearly all age and sex groups. In contrast to this finding, DBP 4 and DBP B were consistently lower in Native American children than in black or white children. Comparisons of BP in black and white children have been presented in detail elsewhere.
11 ' n Because of the unusual finding of a higher SBP but lower DBP in Native American children compared with blacks and whites, age-, sex-, race-specific distributions of pulse rate, pulse pressure, and mean BP •Native American-black SBP, t = 3.98, p < 10-'. fNative American-white SBP, t = 3.07, p < 10-«. fNative Ame r i c a n-whi t e SBP, t =3. 07, p<10-«. J Na t i ve Ame r i c a n-bl a c k D B P 4 , t -7.50, p < 10-". JNative American-white DBP 4 , t = 5.14, p < 10-'. Native American-black DBP i , ( => 9.2, p < 10-". **Native American-white DBPi, t = 6.3, p < 10-B . SBP = systolic blood pressure; DBP4 = 4th phase diastolic blood pressure; DBP s blood pressure. 5th phase diastolic (SBP + 2 DBP 4 )/3) were examined. Resting pulse rates declined with increasing age among Native American children but to a lesser degree among whites and blacks (table 3) . Native American children had slower pulse rates than whites at all ages and lower than blacks at ages 7 through 9 years. Native Americans had greater pulse pressure compared to white children. Black children had pulse pressures lower than either other group (table 3) . Mean BP was lower in Native American children compared to both black or white children (table 3) .
The extent to which racial BP differences might be explained by observer effects was investigated. Small but significant interobserver effects were found in the population as a whole, with some observers reading consistently higher than others. However, Native American children's SBPs were higher than black children's among all four groups of observers and higher than that of whites in all but the "high" observer group. Native American children's DBP4 was lower than that of blacks or whites in all observer strata. In addition, multiple regression analyses discussed below failed to reveal significant interaction between race, age, or sex and observer. Thus the differences observed between Native Americans and other children do not seem to be on the basis of observer variation.
It was noticed that relatively more of the black and white children were measured in February and March whereas relatively more Native American children were measured in April. Therefore, the effect of adjusting for the month of measurement was assessed. Native American SBP remained higher and DBP 4 lower despite this adjustment.
Native American children have heights similar to blacks and whites for all age, sex groups. However, across age and sex groups, Native American children have greater weight, thicker tricep skinfolds, and higher body mass index, weight (kg)/height* (m 2 ) (table 4) than black or white children. The thicker skinfolds of the Native American children compared to black and white children indicate that the excess weight and body mass is due to obesity rather than increased muscle or skeletal mass. The slope of the increase in body mass index with age was largest between ages 8 and 9 years in Native American children. There was no acceleration of rise in SBP at this age, but there was a larger fall in DBP 4 and DBP 6 . The influence of arm circumference and thickness was investigated for the population as a whole and shown not to be a significant determinant of SBP or DBP independent of weight or body mass index (BMI) given the cuff protocol used."
1 " Multiple regression analyses were performed, with *Systolic blood pressure (SBP)-diastolic phase 4 blood pressure (DBP 4 ). fNative American-black, t = 2.77, p < 10-'. {Native American-white, t = 5.32, p < 10-». Native American-black, t = 10.32, p < 10"". fiNative American-white, t = 7.35, p < 10"
H . tfNative American-black, t = -5.10, p < 10-'. tfNative American-white, t = -3.40, p < 10-*. SBP, DBP 4 , or DBP 6 as the dependent variable and Native American race as an independent variable together with age, sex, BMI, observer group, month, school (high versus low Native American enrollment), and pulse rate (table 5) . Relationships of weight, triceps skinfold, and BMI to BP were similar, and these variables were highly intercorrelated, so only BMI was used in regression analyses." The effect of Native American race on SBP is chiefly explained statistically by ponderosity. However, the effect of Native American race on DBP< or DBP 6 is not explained by any of the variables examined. The results of these analyses for DBP 4 indicate that a significant difference of -2 to -5 mm Hg, depending on the combination of variables used, persists after controlling for the variables shown in table 5.
Discussion
The current investigation has revealed that a series of differences in cardiovascular and anthropometric measurements exist between Native American and black and white urban school children. Native American children have slightly higher SBP, lower DBP 4 and DBP » , lower pulse rates, greater pulse pressure, slightly lower mean BP, similar height, greater weight, BMI, and triceps skinfold. The magnitude of the BP differences is about 1-3 mm Hg systolic and 2-5 mm Hg diastolic depending on the age, sex group considered. The higher SBP can be explained statistically almost entirely by greater ponderosity among the Native Americans. However, the lower DBP could not be explained statistically by any of the variables measured.
A number of BP studies among Native Americans have appeared.
1 " Unfortunately, most have suffered from potentially biased sampling of BPs obtained from hospital records, clinic charts, or the selection of convenience samples of clinic patients or volunteers at various gatherings. Most samples have represented very small percentages of the reference population. Unfortunately, the present study encountered enumeration problems among Native Americans due to their high mobility. As in other studies, the extent of selection bias is impossible to ascertain. Therefore, caution must be exercised in generalizing these findings to the entire population of Minneapolis Native American school children.
Most other surveys have been limited to adult Native American groups of the southwestern United States such as the Navajo, Papago, and Apache. It is likely that substantial genetic and environment differences exist among various tribal groupings and localities. The recent survey of DeStephano et al. 1 on a Navajo Indian reservation indicated that among the 590 volunteer subjects over 20 years old (less than 9% of the area residents), the prevalence of DBPs greater than or equal to 90 mm Hg range from 25% among younger men to less than 5% among younger women. Mean SBP among Navajo subjects was lower than that reported for black or white Americans as were mean DBP and prevalence of DBP greater than or equal to 90 mm Hg. The exception to this was among Navajo males under 35 years of age who had mean SBP, DBPs, and prevalence of elevated BP higher than blacks or whites of similar ages. Fulmer and Roberts 4 found a lower prevalence of hypertension and lower levels of mean SBP and DBP in males but similar levels in females in a survey of nearly 90% of a Navajo population around 1960. Among Papago Indians in southern Arizona, Strotz and Shorr 8 found a high prevalence of hypertension among clinic and hospital patients. In the study of DeStefano et al., 1 male sex, obesity, and alcohol intake were the main factors related to prevalence of elevated BP. According to the Metropolitan Life Insurance Company chart for large framed persons, 24% of the men and 51% of the women were more than 10% above the upper limits of optimal weight for height. The high prevalence of overweight among Native American populations has been observed in other studies of adults and children.""" Johnston et al. 29 reported that urban Native Americans from Minneapolis age 22 days through 19 years of age generally had thicker triceps and subscapular skinfolds, greater weight, and BMI compared to United States standards. They also noted a greater prevalence of obesity among the urban Native Americans compared with an earlier sample from a Minnesota reservation.
We have deliberately refrained from comparing the present data with previously published BP data on black and white children (none is available for Native American children) for the following reasons: 1) methodologic differences in measurement technique, e.g., supine vs sitting posture; 2) the greater number of white children in the present survey; and 3) intrasurvey comparisons are thus most valid for racial comparisons. Data from the present survey displayed for use as clinical norms, i.e., percentile distributions by age and height, has been published.
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In the present study we have documented similar SBP and lower DBP in urban Native American children despite their greater body weight and obesity as compared to black or white children. These findings are consistent with the high prevalence of obesity in other Native American populations, indicating that this may be an important public health problem among Native Americans, particularly those living in an urban environment. The high relative risk of hypertension among the obese reported by DeStefano et al. 1 and the reported increase in BP among Navajos migrating from a reservation to cities* 0 indicate that hypertension may be one of the important health consequences of increased levels of obesity among urban Native Americans.
However, our findings with regard to DBP vs SBP, pulse rate, and pulse pressure are difficult to interpret, particularly in the absence of similar reports in the NATIVE AMERICAN BLOOD PRESSURE/C/7/«m et al.
literature. Several hypotheses are suggested: 1) The differences are due to chance and would not be replicated on repeat surveys. 2) These differences stem from genetically determined constitutional differences. 3) Differences in physical fitness might contribute to the slower pulse rate at older ages, higher pulse pressure, and lower DBP observed. This would require the postulation of substantially higher calorie intakes by Native American children in order to maintain both greater obesity and physical fitness. 4) Subclinical thiamine deficiency could lead to mild high cardiac output; this seems unlikely in view of the overall levels of growth and development. 5) The greater pulse rates at younger ages and higher SBP might be indicators of greater anxiety caused by the BP pressure measurement among Native American as compared to other children, with Native Americans otherwise having intrinsically, lower SBP and DBP (none of the BP technicians was Native American). 6) Some hitherto unrecognized and uncontrolled factor in the measurement technique may have given rise to the BP findings. Obviously, no conclusions regarding mechanisms can be drawn from cross-sectional data in which the observed differences are small.
The first priority for future research is to replicate these findings in the same and in other settings. Even if replicated, further cross-sectional and longitudinal studies of BP in urban Native Americans would be required to determine their biological significance, if any. Native American children with DBPs exceeding the 95th percentile of the charts' derived from white populations should be given special attention since these norms may be, if anything, 2-5 mm Hg too high when applied to Native Americans. Obesity would be an obvious target for intervention.
